Abstract: Previous studies have demonstrated the effect of mindfulness meditation on subjective experience of time. Task difficulty influenced subjective experience of time with larger subjective expansion of time among meditators with a more difficult task. It is not clear whether the effect would generalize to concentrative meditation training. Hence, in the present study, using a temporal bisection task, we investigated the effect of task difficulty (with two discrimination ratios of short and long durations) on subjective experience of time in long-term concentrative (Sahaj Samadhi) meditators and non-meditators. The results provide evidence for subjective expansion of time among long-term concentrative meditators, which is in line with the previous findings with mindfulness meditators. Similar to the earlier study with mindfulness meditators, we also found expansion of time for concentrative meditators only in the difficult task condition where attentional demands are high and less attentional resources are available for processing time. The findings suggest that subjective expansion of time is most likely a general effect of attentional enhancement irrespective of the type of meditation practice.
Time is a fundamental aspect of our conscious experience. Previous studies have shown that the perception of time varies as a function of cognitive processes, such as memory and attention (Brown, 2006; Brown & Merchant, 2007; Brown, Stubbs, & West, 1992; Brown & West, 1990; Casini & Macar, 1997; Field & Groeger, 2004; Macar, Grondin, & Casini, 1994; Zakay, 1998; Zakay & Block, 2004) . Individual differences in time perception have been studied by investigating factors such as age (Szymaszek, Sereda, Poppel, & Szelag, 2009 ) and gender (Espinosa-Fernandez, Miró, Cano, & Buela-Casal, 2003) . In this study, we focus on the effect of meditative practice-specifically concentrative meditation-on time perception.
Different models have been proposed to explain time perception (Treisman, 1963; Wackermann & Ehm, 2006; Wittmann, Simmons, Aron, & Paulus, 2010; Wittmann, van Wassenhove, Craig, & Paulus, 2010; Zakay & Block, 1995) . These include the internal clock model (Treisman, 1963) and the attentional gate model (Zakay & Block, 1995) , which are based on a pacemaker and counter module. Other models have been proposed that do not depend on a pacemaker-counter module but depend on other neuronal system properties for encoding time, such as the dual klepsydra model (Wackermann & Ehm, 2006 ) and the accumulative model (Wittmann, Simmons, et al., 2010; Wittmann, van Wassenhove, et al., 2010) .
The pacemaker-accumulator-based internal clock model (Treisman, 1963) has been commonly used and has been used to explain the role of attention in perception of time intervals (Block & Gruber, 2014; Tse, Intriligator, Rivest, & Cavanagh, 2004; Zakay & Block, 1995) . The clock-based models of time perception consist of a pacemaker, a counter, and a comparator. The pacemaker produces a regular series of pulses that is counted by the accumulator and transferred to the comparator. The comparator presumably has information about the correspondence between the pulse count and verbal labels. Two factors, arousal and attention, have been argued to influence the subjective experience of time in the framework of the internal clock (Grondin, 2010; Treisman, 1963) . Using this framework of an internal clock model of time perception, previous studies have shown that arousal produces an overestimation of time due to an increase in the pacemaker's speed (Maricq, Roberts, & Church, 1981; Meck, 1983; Wearden & Penton-Voak, 1995) .
More relevant for the current study is the attentional gate model (Zakay & Block, 1995) , which is proposed to account for the effect of allocation of attention on subjective experience of time. According to the gate model, allocation of attentional resources to time is controlled by the gate. If the gate were open widely due to larger allocation of attention, then it would allow more pulses from the pacemaker to pass and be counted. The amount of duration perceived would depend on the number of pulses counted by the accumulator. Accordingly, when time is important and relevant, the gate allows for more pulses to pass through and thus time is perceived to be longer and vice-versa (Zakay, 1998) .
Meditation and time
The last few decades have witnessed an overwhelming interest in investigation of different types of meditation practices and their influence on brain and behavior (Dahl, Lutz, & Davidson, 2015; Falcone & Jerram, 2018; Hodgins & Adair, 2010; Jha, Krompinger, & Baime, 2007; Kemeny et al., 2012; Keng, Smoski, & Robins, 2011; Tang, Hölzel, & Posner, 2015; van Vugt & Jha, 2011 ). There is a wide variety of meditation techniques but they are typically classified as concentrative meditation and open monitoring meditation. In concentrative meditation, also known as focused attention meditation (FAM), the practitioner is trained to focus attention on some internal (breathing) or external object and to maintain the focus and bring the focus back to the object whenever the attention wanders from it. It is expected that long-term practice of concentrative meditation results in better perception through changes in attention (Srinivasan & Singh, 2017) .
While the effects of meditation practice on cognitive processes, such as memory (Jha, Stanley, Kiyonaga, Wong, & Gelfand, 2010; van Vugt & Jha, 2011) and attention (Hodgins & Adair, 2010; Jha et al., 2007; Lutz et al., 2009) , have been widely investigated, only a few studies have looked at the effect of meditation on perception of time (Ataria, Dor-Ziderman, & Berkovich-Ohana, 2015; Berkovich-Ohana, Glicksohn, & Goldstein, 2011; DroitVolet, Chaulet, & Dambrun, 2018; Droit-Volet, Fanget, & Dambrun, 2015; Kramer, Weger, & Sharma, 2013; Schotz et al., 2016; Thones & Wittmann, 2016; Wittmann et al., 2015; Wittmann & Schmidt, 2014) . These include studies on the phenomenology of temporal experience (Ataria et al., 2015; Berkovich-Ohana, Dor-Ziderman, Glicksohn, & Goldstein, 2013) and time perception measured using psychophysical tasks (Schotz et al., 2016; Wittmann et al., 2015) . In terms of phenomenology, Ataria et al. (2015) studied sense of boundaries for multiple aspects, including the sense of time, with an advanced meditation expert who moved through three different stages, namely the default state, dissolving of the sense of boundaries, and disappearance of the sense of boundaries. The participant had an experience of 20,000 hr of practice of mindfulness over a span of 40 years and could clearly and precisely report the inner lived experience. In terms of sense of time, the participant reported a sense of timelessness with the disappearance of sense of boundaries in the last stage.
Different temporal tasks have been used to study the effect of meditation on time perception (Wittman et al., 2015) . For example, Wittmann et al. (2015) compared the performance of experienced mindfulness meditators and non-meditators using both subjective-scale-based measures and psychophysical tasks. They showed that meditators reported slowing of time in subjective-scale-based measures but did not show any difference compared to non-meditators in the psychophysical tasks. In contrast, another study (Schotz et al., 2016) comparing 20 experienced transcendental meditators with non-meditators on a set of psychophysical tasks, such as duration reproduction and time estimation, found that transcendental meditators were more precise.
Berkovich-Ohana et al. (2011) compared mindfulness and transcendental meditation (TM) practitioners and an age-matched group of controls in a time production task. The participants in the control group had no prior experience of meditation but expressed their interest in meditation practice in a written interview. The results showed that the mindfulness meditation practitioners produced longer duration estimates compared to control. However, TM practitioners did not differ from control. This effect was attributed to the differences in practice between the two types of meditation. It was suggested that the training to focus on momentary experience and the outside world in mindfulness meditation practice possibly results in lower self-referential processing and time dilation. On the other hand TM focuses more on the self, leading to more selfreferential processing and very little or no time dilation.
Similarly, Kramer et al. (2013) investigated temporal processing in mindfulness meditators and age-matched non-meditators. In their study, participants performed a bisection task before and after listening to either an audiobook (Relaxation) or an audio on meditation that focused on movement of breath in the body. The bisection task is widely used to study time perception and measures bisection point (BP) or point of subjective simultaneity (PSE). In the bisection task, participants are asked to respond whether the duration presented is closer to the short or long duration they have been presented before. The BP or PSE is the stimulus duration for which the participant responds short and long with equal frequency, proportion of responses perceived as closer to the long duration or p(long) = .50. Lower PSE (or BP) in a temporal bisection task suggests a lengthening effect, with the participant responding long more often for one and the same stimulus. The results showed that the meditation group experienced subjective expansion of time after listening to an audio on meditation while no difference was observed after relaxation (i.e., listening to the audiobook). This finding was attributed to better attentional processing achieved due to mindfulness meditation practice resulting is participants paying more attention to time after brief meditation training compared to before meditation practice.
To systematically test the role of the attention-related mechanism in effect of mindfulness meditation practice on perception of time, Droit-Volet et al. (2015) conducted a similar study comparing mindfulness practice and relaxation using a bisection task. They additionally manipulated task difficulty using an easy and difficult discrimination ratio of anchor duration. The findings of the study also showed longer perceived time and increased sensitivity to time for mindfulness meditation. Also the results of the study showed that the effect of meditation was only present in the difficult task, suggesting that the effect of meditation only emerges when the temporal processing demands more attentional resources. However, one limitation of the study by Droit-Volet et al. (2015) is that they investigated the effect of only one kind of meditation-mindfulness meditation-with very brief training (a few minutes). In addition, participants in these studies were tested immediately after the brief mindfulness training. Thus, even though the findings of the study are explained in terms of enhanced attentional processing achieved through brief mindfulness training, one cannot rule out the role of increased arousal or other factors immediately after brief mindfulness training.
Previous studies on the effects of concentrative meditation techniques, such as TM (although see Travis & Shear, 2010) , on time perception have been inconclusive (Berkovich-Ohana et al., 2011; Schotz et al., 2016) . Hence, we performed this study with a concentrative meditation called Sahaj Samadhi (SS) meditation using a temporal bisection task. It has been argued that concentrative meditation leads to increase in internally oriented attention and reduced arousal level (Schuman, 1980) . Therefore, in this study, we hypothesized that the changes in attentional mechanisms achieved through long-term concentrative meditation practice would lead to subjective expansion in concentrative meditation practitioners. Further, based on the findings of a previous study by Droit-Volet et al. (2015), we also expected that concentrative meditation would induce differences in the subjective experience of time, mainly in the difficult task condition.
Method
Participants A total of 34 participants from an SS meditation group (N = 14, M age = 24 years, SD = 3.39 years) and an agematched group of non-meditators (N = 20, M age = 24.4 years, SD = 3.57 years) with normal or corrected to normal visual acuity provided written informed consent and participated in the study. The participants in the meditation group consisted of SS meditation practitioners associated with the Art of Living Foundation (https://www. artofliving.org). They had been practicing SS meditation for more than 3 years. The practice includes SS meditation, which is usually performed after a 20-min pranayama and Sudarsha Kriya Yoga session everyday. Pranayama involves a set of breath-control techniques. Sudarshan Kriya Yoga is a rhythmic breathing exercise, while in SS meditation the practitioners silently repeat a mantra (typically a specific sequence of words with religious significance). While performing the SS, the practitioners aim to bring their minds back to the mantra whenever their minds wander from the mantra. The meditators practiced their SS meditation for approximately 20 min every day. The study was approved by the Institutional Ethics Review Board of the University of Allahabad, Allahabad, India.
Stimuli and apparatus
Participants were seated in a dark room in front of a computer monitor. The stimulus used for the bisection task was a blue square (14.4 cd/m 2 ). The stimulus was presented on a 17" monitor with 100-Hz refresh rate using the E-prime program (Professional 2.0, Empirisoft Corp.).
Procedure
The experiment consisted of two blocks: an easy block with a discrimination ratio of short and long duration (1:2) and a difficult block with a discrimination ratio of short and long duration (2:3). The range for the easy task was 4-8 s and the range for the difficult task was 4-6 s. The seven discrimination durations used in the experiment were 4000, 4670, 5330, 6000, 6670, 7330, and 8000 ms, and 4000, 4330, 4670, 5000, 5330, 5670, and 6000 ms for the easy and difficult tasks, respectively. The order of presentation of the two blocks was counterbalanced.
Each block was divided into two parts: a training phase and a bisection phase. In the training phase, participants were alternately presented with the two anchor durations for four trials (two short and two long). They were then presented with the comparison durations and had to judge whether these were closer to the short or long duration. Each participant performed eight blocks of seven trials each (56 trials), that is, one trial for each comparison duration in each block.
Each trial in the bisection phase began with the participants pressing the spacebar on the keyboard after the word READY was displayed on the computer screen. This was followed by a random delay of 500-1000 ms. The blue square stimulus was presented on the computer monitor for a particular randomly picked discrimination duration. Then the participants performed the bisection task by using the response keys A for the short and L for long response.
Statistical analysis
We calculated the proportion of long responses for each participant (i.e., proportion of trials in which participants reported the test durations to be longer) in both the easy and difficult task conditions. The p(long) data were submitted to a 2 (groups: SS meditators/non-meditators) × 2 (task: easy/difficult discrimination) × 7 (test durations) analysis of variance.
Results
There was a significant effect of comparison duration, F(6, 192) = 180.845, p < .001, η 2 p = .849, suggesting that p(long) increased with stimulus duration values. The interaction between group and discrimination ratio, F(1, 192) = 3.630, p = .06, η 2 p = .102, was close to significant. An independent-sample t test between SS meditators and non-meditators for the easy discrimination ratio task (1:2), t(32) = 0.2156, p = .831, d = 0.055, showed no difference in p(long) responses between non-meditators and meditators. However, in the difficult discrimination ratio task (2:3), the p(long) response was higher, t(32) = −1.92, p = .06, d = 0.46, among SS meditators compared to nonmeditators. The SS meditators perceived durations to be longer compared to non-meditators only in the difficult discrimination ratio task (Figure 1) .
To further understand this effect, we calculated the bisection point (BP). The BP is a point of subjective equality, that is, the stimulus for which the participant responds with short and long with equal frequency, p(long) = .50. A lower BP suggests relative expansion with participants responding long more often for one and the same stimulus. The proportion of long responses was fitted against the actual test durations using the Slogistic1 function and the BP for each participant for both the easy and difficult task condition was calculated. The Slogistic1 function is defined by the formula: y¼ a 1 + e −k x−xc ð Þ , where x c is the x value of the sigmoid's midpoint, a is the curve's maximum value, and k is the steepness of the curve. Figure 2 shows the Slogistic1 function for one participant for the easy and difficult discrimination tasks, respectively.
Only participants with significant SLogistic1 fit were included in the analysis for BP. Based on this criterion, 15 non-meditators and 14 SS meditators in the easy discrimination and 14 non-meditators and 11 SS meditators in the difficult discrimination were included for the analysis of BP. An independent-sample t test for both the easy and difficult discrimination tasks on the BP data was performed. No significant difference between groups was observed for the easy discrimination task, t(27) = 0.367, p = .717, d = 0.067 ( Figure 3A ). There was a significant difference between non-meditators (M = 4975.91 ms, SD = 236.008 ms) and SS meditators (M = 4691.06 ms, SD = 373.86 ms) for the difficult discrimination task, t(23) = 2.238, p = .029, d = 0.60 ( Figure 3B ). We also calculated the slope of the psychometric function at BP. There was no significant difference between SS meditators and non-meditators in either the easy, t(27) = 0.76, p = .45, d = 0.11, or difficult, t (23) = 0.56, p = .57, d = 0.084, task conditions.
Discussion
This study was conducted to investigate the role of changes in attentional mechanisms achieved through long-term practice of concentrative meditation in perception of time. Performance of a group of long-term concentrative meditators and non-meditators was compared in an easy (low attentional demand) and difficult (high attentional demand) temporal bisection task. The results showed that SS meditators experience durations differently from nonmeditators. The findings of our study are in line with previous studies that have shown subjective expansion of time for mindfulness meditators (Berkovich-Ohana et al., 2011; Droit-Volet et al., 2015; Kramer et al., 2013) . Further, we found that SS meditators showed subjective expansion in a difficult task where attentional demands were high but not in an easy task with relatively low attentional demand. The expansion of time for SS meditators in the difficult task condition is consistent with the findings of Droit-Volet et al. (2015) , who also showed that participants show subjective expansion after a brief training of mindfulness meditation.
Previous studies have investigated the effect of TM on time perception (Berkovich-Ohana et al., 2011; Schotz et al., 2016) , which has been classified as a concentrative meditation. Both of these studies on TM used a time production task to investigate differences in time perception between transcendental meditators and non-meditators. While Berkovich-Ohana et al. (2011) did not find any difference in perceived duration between TM meditators and non-meditators, the study by Schotz et al. (2016) did show significant differences in accuracy and precision in reproduction of durations in the multiple seconds range. Additionally, Schotz et al. (2016) also tested the two groups on a duration estimation task and found TM meditators to be more accurate than non-meditators. Unlike both these studies, our study shows subjective expansion for concentrative meditators in the more difficult task. These differences indicate that not all types of concentrative meditation may produce similar effects.
The studies on time perception with mindfulness meditators do not show consistent results in regards to psychophysical tasks, either (Berkovich-Ohana et al., 2011; Kramer et al., 2013; Droit-Volet et al., 2015; Wittman et al., 2015) . For example, Wittman et al. (2015) did not find any difference between mindfulness meditators and non-meditators in the three tasks they used. On the other hand, other studies have shown changes in time perception due to mindfulness meditation using a duration reproduction task (Berkovich-Ohana et al., 2011 ) and a bisection task (Droit-Volet et al., 2015; Kramer et al., 2013) .
Most of the studies showing effect of mindfulness meditation on perception of time have shown subjective expansion in mindfulness meditators (Berkovich-Ohana et al., 2011; Droit-Volet et al., 2015; Kramer et al., 2013) . These studies have attributed the subjective expansion of duration in mindfulness meditators to changes in attentional processing (Droit-Volet et al., 2015; Kramer et al., 2013) . For example, Kramer et al. (2013) showed an overestimation of durations in a bisection task performed after listening to a mindfulness exercise compared to when it was performed before listening. The overestimations were argued to be most likely due to improved attentional processing leading to increased attention to temporal processing. However, the study did not involve any direct manipulation of attention per se. Similarly, Droit-Volet et al. (2015) manipulated task difficulty in a bisection task and showed expansion of duration in a difficult task condition but not in an easy task condition. We used a similar paradigm to that used by Droit-Volet et al. (2015) and found similar results with concentrative meditators.
The results of the present study can be explained in the context of the clock model of time perception, which has been a commonly used model accounting for a number of empirical results on time perception (Treisman, 1963; Zakay, 1998) . The findings of this study provide supportive evidence for the role of attention as a limited resource factor influencing subjective experience of time in the context of a clock-based model. In clock-based models, the differences in duration estimation slopes are supposed to influence the pacemaker frequency and the differences in intercept (or BP) are supposed to influence the attentional gate (Zakay & Block, 1995) . The lack of effect with slope in our study indicates that meditation training did not influence the pacemaker frequency. The difference in BP in our study indicates that the subjective expansion with the difficult task with meditation training is possibly through changes in the attentional gate mechanisms in the clock model.
The current study is a cross-sectional study making it difficult to establish a causal relationship between concentrative meditation and time perception per se. Longitudinal studies as well as cross-sectional studies that take into account years of practice as well as expertise would enable us to further understand the effects of meditation on time perception.
The results show that changes in attention due to training or perhaps individual differences in attention generally result in altered time perception. Models of time perception need to incorporate such learning or experience dependent factors to account for such differences. Further, the results also suggest that enhanced focus of attention achieved through long-term practice of concentrative meditation leads to subjective expansion in a demanding task, which is consistent with the results from a previous study with mindfulness meditators using the same task (Droit-Volet et al., 2015) . This suggests that the effect of meditation with difficult tasks may not be dependent on different types of meditation practice that are linked to training of distributed and focused attention, that is, open monitoring and concentrative meditation, respectively. Instead, this effect possibly arises out of general enhancement in attentional processing. The somewhat contradictory results with different temporal tasks are probably due to the use of different types of meditation, different tasks, and different ranges of durations. Further studies are needed to systematically investigate the effect of different types of attentional training (focused and distributed) on subjective experience of time as a function of different types of meditation practices and others measures of temporal processing.
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